This paper reports a short summary of some procedures that allow to evaluate crack growth propagation rate. Numerical models developed using the equations of linear elastic fracture mechanics are described. Confirmation of the numerical results needs comparison with experimental results. The crack replica method and crack growth gages application are reported and prove to be powerful tools for crack propagation rate evaluation.
Introduction
Light metal alloys are very sensitive to defects and damages that can compromise the reliability of machines, Helicopters and airplanes. Not with standing such sensitivity light alloys are more and more used in applications for which the strength-to-mass is fundamental and has to reach high levels. Fail-Safe design approach requires very accurate knowledge of time for crack propagation and, now a days, we have all instruments to detect and stop cracks from propagating and, if necessary, substitute the damaged component. Light alloys are quite sensitive to environmental attack in presence of defects and cracks. Hydrogen can be trapped near the crack tip and can help crack propagating in aggressive environment. For such alloys fundamental is to forecast crack initiation and check crack propagation and crack propagation rate. This paper reports a short survey of the state of the art of some numerical e theoretical methods that allow to check the stress state ahead of the crack tip of damaged (cracked) components. Fracture mechanics theories applied to the results of FEM models allow to calculate crack propagation rate. [1] [2] [3] [4] The surface replica method can be used to confirm the numerical results in terms of stress intensity factor evaluation and fatigue crack growth until failure. [5] [6] [7] [8] Crack growth rate gages can be used too. 9
Numerical Fracture Mechanics
Numerical stress intensity factor for mode I crack opening can be evaluated using eq. (1) 3 :
... (1) u half crack tip opening displacement;
The FEM model has to be accurately prepared, with careful mesh refinement at the crack tip. Examples are shown in Figure 2 . Plasticity at the crack tip can be taken into account. 
Numerical Crack Grow Rate Evaluation
Crack grow rate can be evaluated by using theoretical models applied to the numerical results (numerical stress intensity factor range at the crack tip). Rupture occurs when K IC , the threshold stress intensity factor, is reached. ∆K, applied stress intensity factor range, if a linear elastic behavior the following equations can be used:
The parameters used in equations (2) (3) (4) can be found in the technical literature for many materials. Residual stresses can be taken into account by means of the application to the numerical model in the area in the proximity of the crack tip. Crack propagation has to be simulated in a discrete way (Figure 3) .
Confirmation of the Numerical Results: the Replica Method
The replica method is accurately described in. 8 Thin acetate strips, put for a short time in acetone, are positioned on the cracked area. A small finger pressure has to be applied on the strips in order to have the negative image of the crack. Small cracks can be detected and monitored (figure 4).
Fig. 7: Datasheet of Vishay crack detection gages 10

Crack Gages for Crack Propagation Evaluation
Crack gages are glued at the notch tip area of a dummy sample in order to record crack growth rate during the tests. These devices consist of a number of resistor strands connected in parallel in the direction transversal to the crack propagation. The propagation of the surface crack through the gage strands causes a crack propagation gage progressive open-circuit which results in a progressive variation of the total resistance. Two examples of crack propagation gage datasheets are reported in Figures 5 and 6 . [9] [10] The gages having the best resolution, i.e. 0.010 in (0.25 mm) and 0.004 in (0.1 mm), are evidenced. To improve the crack initiation detection both standard strain gage and specific crack detection gages are available (Figures 7 and 8) . 10 Both crack detection gages and crack propagation gages can be put on the sample at the notch tip. Using a standard strain gage the crack initiation can be also pointed out by detecting the presence of changes in the ε/N diagram. When such changes due to crack initiation occur, the strain vs. time or number of cycles diagram may show a local change like the one shown in Figure 9 . 
Conclusions
This paper reports the description of some numerical and experimental methods that allow to detect crack initiation and propagation. Numerical FEM models can be developed by using commercial codes. The crack replica method and crack propagation gages can be used to check and confirm the numerical results. The approach allows the designer to carry on a Fail-Safe design for critical components.
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